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[57] 



ABSTRACT 



A method and tape recorder apparatus are disclosed for 
recording a signal on a tape. The tape recorder apparatus is 
provided with a memory for storing a signal to be recorded 
on a tape. The tape recorder apparatus has a recording head 
for recording the signal stored in the memory. The tape 
recorder apparatus also has a playback head for reproducing 
the signal recorded by the recording head on the tape. 
Furthermore, the tape recorder apparatus has a comparison 
circuit for comparing the signal reproduced by the playback 
head with the signal stored in the memory. Depending on 
errors identified by the comparison circuit in the reproduced 
signal, the signal in the memory is re-recorded on the tape. 
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ROTARY H£AD RECORDING AND 
REPRODUCTION APPARATUS WITH 
MEMORY AND METHOD OF OPERATION 
WHICH COMPARES A REPRODUCED 
SIGNAL WITH AN ORIGINAL SIGNAL 5 

FffiLD OF THE INVENTION 

The present invention relates to recording and reproduc- 
ing signals using a tape recorder apparatus. In particular, the 
present invention relates to a method and system for record- 
ing digital signals on a magnetic tape in a fashion that 
reduces or eliminates the occuirence of drop-in and drop-out 
errors. 



BACKGROUND OF THE INVENTION 



15 



30 



35 



A popular tape recorder apparatus for recording suidio 
signals on, and reproducing audio signals from, a magnetic 
tape is the rotary head digital audio tape (R-DAT) apparatus. 
The general format of the R-DAT apparatus is described in 20 
THE DAT CONFERENCE. THE DAT CONFERENCE 
STANDARD. Mar., 1988. U.S. Pat. No. 4,841,390 and 
Japan Patent Doc. 59-231713 also describe R-DAT appara- 
tuses. A R-DAT for use as a data storage device, e.g., in a 
computer system, has also been proposed by K. Odaka. E. ^5 
Tan & B. Venneulen, "Designing a Data Storage Format for 
Digital Audio Tape (DAT)", rev. B. Oct., 1988. See also 
European Patent Application Nos. 0 272 130. 0 314 456. 

FIG. 1 shows a computer system 10 which utilizes a 
R-DAT 22 for data storage. The computer system 10 has a 
CPU or processor 12 for executing instructions, a main 
memory 14 and a disk memory 16 for storing data and 
instructions, a keyboard 18 for receiving manual input of 
data and instructions, a display device 20, a R-DAT 22 and 
a bus 24 for transferring data and instructions between each 
device. Illustratively, the R-DAT 22 is used as a data 
streamer, e.g., the R-DAT may be periodically used for 
archiving or backing up the disk memory 16. 

In a R-DAT, signals arc recorded in digital form on a 
magnetic tape. As shown in FIG. 2, tracks 2 are formed on 
the magnetic tape 1 obliquely to the longitudinal direction of 
the tape 1. Typically, the tracks 2 are formed alternately by 
a pair of recording heads A and B of different azimuth 
angles, (The heads A and B are positioned ISC'* from each 
other on the outer circumference of a rotating drum around 
which the tape is partially wrapped.) Each pair of "plus- 
azimuth" and "minus-azimuth" tracks forms a frame. As 
shown, each track is divided into a PCM area containing one 
hundred twenty-eight blocks of recorded data. SUBl and 
SUB2 data areas containing eight blocks of PACK data each 
and ATP (automatic track following) areas containing sig- 
nals used for tracking servo control during playback. 

As shown in FIG, 2A, each PCM block includes bytes 
Wl, W2 and W3 where Wl and W2 are block ID codes and 55 
where W3 is a parity byte (equal to the bit-wise Wl 
exclusive-OR W2). Each PCM block also has a sync byte 
and thirty-two PCM data bytes. Likewise, as shown in FIG. 
2B, each SUB block includes bytes Wl. W2 and W3 where 
Wl and W2 are block ID codes and where W3 is a parity go 
byte (equal to the bit-wise Wl exclusive-OR W2). Each 
SUB block also has a sync byte and thirty-two PACK data 
bytes. 

The-recording of data on, and the reproduction of data 
from, the magnetic tape 1 is subject to error including 65 
drop-out and drop-in errors. A drop-out error occurs when 
the signal level of data recorded on the tape 1 has degraded 



such that the data can no longer be reproduced. A drop-in 
error occurs when an old tape on which old data bytes were 
previously recorded is used for recording new data. FIG. 3 
illustrates how a drop-in error occurs. A conventional 
R-DAT does not have an erase head. Rather, new data bytes 
are simply recorded over old data. As shown in FIG. 3, new 
data bytes are about to be recorded over old data 3 on a track 
4. However, because of some event or condition, such as a 
dust particle being present between the recording head 
which is about to scan the track 4 for purposes of recording 
the new data and the tape 1, the new data bytes do not 
overwrite the old data 3. Thus, the old data bytes 3 remain 
on the track 4. 

A R-DAT for use in recording and reproducing signals 
provides several error detection and correction mechanisms 
including: 

(a) Interieaving — ^In ordinary audio recording, the left and 
right channels of every thirty msec of audio arc recorded 
in a single frame comprising a pair of tracks — a plus- 
azimuth track and a minus-azimuth track. According to an 
interieaving scheme, each byte (sample of the left or right 
channel) within a frame is recorded in the PCM data areas 
of the tracks of the frame such that adjacent samples are 
separated from each other as much as possible. FIGS. 4A 
and 4B show illustrative interleaving formats for the 
plus-azimuth track and the minus-azimuth track. In FIGS. 
4A and 4B. the block Aiu is an upper byte of the ith 
sample of the left channel. Ail is the lower byte of the ith 
sample of the left chaimel, Biu is the upper byte of the ith 
sample of the right channel and Bil is the lower byte of the 
ith sample of the right chaimel. Px,y and Qx,y are parity 
symbols of error correction codes (ECC) Cl(32,28,5) and 
C2(32,24,7) discussed below. 

The interleaving format facilitates the "concealment!' 
operation which reconstructs bytes lost to drop-out or burst 
errors (an error in which adjacent bytes recorded on a track 
are lost). In a concealment operation, lost data bytes are 
reconstructed from one or more nearby recovered data using 
interpolation, smoothing or holding the previous sample. By 
dispersing adjacent samples as far away as possible, the 
likelihood increases that lost data bytes will not be adjacent 
to each other but instead will be adjacent to reproducible 
data bytes in the reconstructed signal (which adjacent repro- 
ducible data bytes may be used in the concealment operation 
to recover the lost data bytes). 

(b) Parity check— Illustratively, a digital signal to be 
recorded is divided into a series of eight bit long units 
which are modulated to produce ten bit long units. The 
eight bit long units are recorded in thirty-two byte blocks 
which also include Wl (IDl), W2 (ID2) and W3 (=W1 
XOR W2) bytes (described above). When the signal is 
reproduced from the tape, the eight bit of data are 
demodulated and a parity check is performed on the entire 
block using the block ID codes Wl and W2 and the parity 
check byte W3. That is, the R-DAT verifies for the 
reproduced bytes Wl, W2 and W3 that W3=W1 XOR 
W2. 

(c) Error Correction Codes (ECC) — ECC encoding is per- 
formed on PACK and PCM data during the recording 
process using a Reed Solomon code. In the case that the 
R-DAT is used for audio, two ECC codes CI (32.28,5) 
and C2 (32,26,7) are used. If die R-DAT is used for data 
storage, a third code C3 is used. The ECC provides for 
detection and correction of errors provided that the num- 
ber of errors is within the error detection and error 
correction capabilities of the ECC codes CI, C2, and C3. 

(d) Read after write (RAW)— A R-DAT used for data storage 
is adapted (as discussed below) to reproduce each track 
immediately after it is recorded. If the reproduced data 
bytes contains errors, they are re-recorded on the tape. 
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As can be appreciated from the above discussion, more 
error correction and detection capabilities are provided for a 
R-DAT adapted for data storage than a R-DAT used for 
audio. The reason is that in audio reproduction, errors not 
corrected or detected using the above mechanisms can be 
alleviated using a concealment operation. Tbis is not pos- 
sible in the case of data storage where absolutely accurate 
data reproduction is critical. 

FIG. 5 illustrates a conventional R-DAT 300 adapted for 
data storage. The R-DAT 300 has a timing generator 304 for 
synchronizing the operation of the R-DAT 300. As shown, 
the R-DAT 300 has four heads, two recording heads Ar, Br 
and two playback heads Ap, Bp. Each playback head Ap or 
Bp is positioned on the outer circumference of a rotating 
drum 301 270° (in the direction of rotation of the drum 301) 
from a respective recording head Ar or Br. During ordinary 
reproduction, a signal is reproduced from a track on a 
magnetic tape 320 partially wrapped around the rotating 
drum 301 via one of the playbadc heads Ap or Bp. The 
playback heads Ap and Bp convert magnetic signals on the 
tape to electrical signals which are amplified in the ampli- 
fiers 313 and 310. The amplified signal outputted from the 
amplifier 310 is inputted to an ATF circuit 308. The ATF 
circuit 308 outputs a tracking error signal to a capstan servo 
303. The capstan servo 303. in tum controls the tracking in 
response to the tracking error signal. The capstan servo 303 
controls a capstan motor in accordance with the frequency 
and phase information feedback from the capstan motor, 
likewise, the drum servo 302 controls a drum motor in 
accordance with frequency and phase information feedback 
from the drum motor. 

The signal outputted from the amplifier 313 is inputted to 
an equalizer 314. The signal outputted from the equalizer 
314 is inputted to a PLL circuit 315. A signal outputted from 
the PLL circuit 315 and the signal outputted from the 
equalizer 314 are inputted to a demodulator circuit 316. The 
signal outputted from the equalizer 314 is organized into ten 
bit units. The demodulator circuit 316 demodulates the 
signal into eight bit units and performs a-parity check on the 
demodulated data. If thee demodulated data bytes pass the 
parity check, they are loaded into RAM bank 307. 

Thereafter, the ECC circuit 306 performs error detection 
and correction on the data in the RAM bank 307. After- 
wards, the PACK data bytes are outputted via the subcode 
interface 309 to a host interface 318. Illustratively, the host 
interface 318 interconnects the R-DAT 300 with a computer 
(such as the computer 10 of FIG. 1). In addition, the PCM 
data byte are inputted to a PCM interface 305 where the data 
bytes are de-interleaved. The de-interleaved PCM data bytes 
are then outputted to the host interface 318. 

Blusiratively, the R-DAT 300 records data using a RAW 
procedure. First, PCM data and PACK data from the host 
interface 318 are inputted to die PCM interface 305 and 
subcode interface 309, respectively. The PCM data bytes are 
interleaved in the PCM interface 305. The interleaved PCM 
data bytes and PACK data bytes arc then combined and 
stored in the RAM bank 307. The combined data bytes are 
then ECC encoded by the ECC circuit 306. The encoded data 
(in eight bit form) are modulated into ten bit data units in the 
modulator 311 using an 8 to ID conversion table. The signal 
in ten bit form is then outputted via the amplifier 312 to one 
of the recording heads Ar or Br, The recording head Ar or Br 
records a magnetic signal representing the data signal on the 
magnetic tape. 

In the RAW process, after data bytes are recorded, the data 
bytes are reproduced for purposes of verifying that they 
were properly recorded. This is achieved as follows. Refer- 
ring to FIG. 6. suppose the recording head Ar records a track 
of data A„ on the tape. Some time T after die recording head 
Ar scans the track A^ for purposes of recording, the playback 



head Ap scans the same track A„ and reproduces the data 
stored thereoa As shown, the playback head Ap is posi- 
tioned 270° of one rotation of the drum 301 firom the 
recording head Ar and therefore scans the track A^ imme- 
5 diately before the playback head Ap scans the next track 

The reproduced data bytes are fed to the demodulator 
circuit 316 as before in ordinary reproduction. Therein, the 
demodulator circuit 316 performs a parity check on the data 
10 Furthermore, the ECC circuit 306 performs an ECC check 
on the data. If the data bytes fail either check, the data bytes 
are re-recorded on the tape. Otherwise, the data bytes are 
considered valid and the recording head Ar records the next 
data (which is loaded in the RAM bank 307 and ECC 
1 5 encoded in parallel with reproducing the data from track A„) 
on track A^^^ of the tape. 

The prior art RAW process of the R-DAT 300 is disad- 
vantageous. The ECC and parity checks provide crude 
methods of error detection. Furthermore, the RAW process 
20 increases the load on the ECC circuit 306. Thus, an ECC 
circuit 306 must be provided with sufficient speed to both 
encode data to be recorded on one track and decode data 
reproduced from a previous track for verification purposes 
within the limited time constraints of the operation of the 
25 R-DAT. Moreover, even ECC decoding may fail to detect 
drop-in errors. This is because, the old pre-existing data 
which the R-DAT failed to record over may be error free 
despite being the incorrect data. 
European Patent Application 0 297 809 discloses a non- 
30 RAW prior art process for detecting drop-in errors due to 
head clogging in a R-DAT used for data-storage. In this 
process, a portion of the PCM data of each track is allocated 
for storing header information. Each frame of data is 
assigned header information. When tracks of data are repre- 
ss duced, the header information of each pair of reproduced 
tracks of each frame is compared. If the header information 
is not identical, a drop-in error is detected. This process 
provides limited drop-in error detection for detecting a 
single track which was not recorded over. However, litUe or 
40 no protection is provided if only a portion of a track (e.g., a 
SUB area) or a pair of tracks is not recorded over. 

It is therefore an object of the present invention to 
overcome the disadvantages of the prior art. 

45 SUMMARY OF THE INVENTION 

This and other objects are achieved by the present inven- 
tion which provides yet another form of error detection for 
use in RAW recording. In the inventive procedure, after a 

50 signal is recorded, it is temporarily maintained in a memory 
of the recording apparatus. When the signal is reproduced 
for purposes of validation, it is compared to the original 
copy in the memory of the tape recording apparatus. Based 
on differences between the original signal in the memory and 

55 the reprcduced signal, the tape recording apparatus can 
determine whether or not the signal must be re-recorded on 
the tape. Dlustradvely, a reliability index is generated during 
the comparison step which indicates the ability to exactly 
reproduce the signal (e.g., in an ECC circuit using Reed 

50 Solomon coding) despite the existeiice of some errors 
therein. 

According to one embodiment, a tape recorder apparatus 
is provided with a memory for storing a signal to be recorded 
on a tape. Hie tape recorder apparatus has a recording head 
65 for recording the signal stored in the memory. The tape 
recorder ^aratus also has a playback head for reproducing 
the signal recorded by the recording head on the tape. 
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Furthermore, the tape recorder apparatus has a comparison 
circuit for comparing the signal reproduced by the playback 
head with the signal stored in the memory. Depending on 
errors identified by the comparison circuit in the reproduced 
signal, the signal in the memory is re-recorded on the tape. 5 

Elustratively, the tape, recorder apparatus is a R-DAT 
apparatus which records and reproduces digital signals on a 
magnetic tape. Although such a R-DAT apparatus according 
to the above embodiment could be used for a number of 
different applications, e.g., audio, it is particularly useful for 
data storage, e.g., in a computer system. This is because the 
invention can completely eliminate drop-in errors and also 
provide superior control of drop-out errors. Thus, the reli- 
ability of the data recorded on the tape is greatly increased. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 illustrates a conventional computer system which 
uses a tape drive for data storage. 

FIG. 2 illustrates the conventional layout of tracks as 20 
produced by a rotary head tape recording device. 

FIG. 2A shows a conventional PCM block structure. 

FIG. 2B shows a conventional SUB block structure. 

FIG. 3 illustrates how a drop-in error occurs. 25 

FIG. 4A and 4B illustrate a conventional interleaving of 
tracks. 

FIG. 5 illustrates a conventional R-DAT capable of per- 
forming a RAW operation. 

FIG. 6 illustrates the scan of the record and playback 
heads of the R-DAT shown in FIG. 5. 

FIG. 7 illustrates a tape recorder apparatus according to 
the present invention. 

FIG. 8 schematically illustrates a flow chart of a recording 35 
process carried out according to an embodiment of the 
present invention. 

FIG. 9 illustrates the timing of the scan of the record and 
playback heads of the tape recorder apparatus shown in FIG, 
7. 40 

FIG. lOA, lOB and IOC illustrate the re-recording of 
frames in the event of an error according to the present 
invention. 
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FIG. 7 depicts a tape recorder apparams 400 according to 
one embodiment of the present inventioa Illustratively, the 
tape recorder apparatus 400 depiaed in FIG. 7 is a R-DAT 50 
similar to the R-DAT shown in FIG. 5. For instance, the 
R-DAT 400 has a timing controller 404 for synchronizing 
the operation of the R-DAT 400. The R-DAT 400 also has a 
rotatable drum 401 with two record heads Ar, Br and two 
playback heads Ap, Bp. Signals generated by the record 55 
heads are inputted to amplifiers 413 and 420. A signal 
outputted by the amplifier 420 is inputted to an ATF circuit 
417 which outputs a tracking error signal to a capstan servo 
403. The signal outputted by the amplifier 413 is inputted to 
an equalizer 414. The output of the equalizer is fed directly, go 
and via a PLL circuit 415, to a demodulator circuit 416. 

A RAM bank 407 is provided which is accessible by a 
modulator 411, the demodulator 416, a subcode interface 
409, an ECC circuit 406 and a PCM interface 405. In 
addition, the timing controller 404 outputs an appropriate 65 
timing signal to the demodulator 416, modulator 411, PCM 
interface 405, ECC circuit 406 and subcode iiuerface 409. 



Both the PCM interface 405 and subcode interface 409 are 
connected to a host interface 418. The modulator 411 
outputs a signal to the recording heads Ar, Br via the 
amplifier 412. 

The R-DAT apparatus 400 is different firom the prior art 
R-DAT apparams 300 (FIG. 5) in that the demodulator 
circuit 416 includes a daia comparison circuit 410. The data 
comparison circuit 410 is capable of comparing each byte of 
data demodulated by the demodulator 416 with its corre- 
sponding original copy in the RAM bank 407. Illustratively, 
the comparison circuit 410 performs a bit-wise exclusives 
NOR operation (or equivalence operation) on the repro- 
duced data and the original data in the RAM bank 407. 
Essentially, the comparison circuit 410 determines if there 
are any differences between the demodulated data and its 
original copy in the RAM bank 407, Each difference indi- 
cates an error in the reproduced signal. Based on these 
differences, the comparison circuit 410 generates a reUabil- 
ity index. The generated reliability index may depend on the 
R-DAT* s 400 ability to reconstruct the data during ordinary 
reproduction (i.e., using ECC decoding). The reliability 
index is conmiunicated to the host interface 418 which 
determines whether the data bytes are valid or must be 
re-recorded. 

FIG. 8 is a flow-chart which schematically illustrates a 
RAW recording process according to an embodiment of the 
present invention. Illustratively, the RAW recording process 
of FIG. 8 can be performed by the R-DAT 400 of FIG, 7. 

In a first step 110, the host interface 418 transfers data to 
be recorded into the RAM bank 407 via the PCM interface 
405 and subcode iiiterface 406. In step 120, the data bytes 
are encoded in the ECC circuit 406. In step 130, the encoded 
data bytes are eight to ten bit modulated in the modulator 
411 and outputted to one of the recording heads, e.g., the 
recording head Ar, via the amplifier 412. However, the 
original umnodulated data bytes are not erased or overwrit- 
ten in the RAM bank 407. Rather, the original data bytes are 
temporarily maintained in the RAM bank 407. The record- 
ing head Ar records the modulated data on the tape in step 
140. 

In step 150, the playback head Ap reproduces firom the 
tape the data recorded on the tape by the recording head Ar. 
As shown in FIG, 9, the playback head Ap illustratively 
scans each track (e.g., the track AJ a time period T after the 
recording head Ar records data on the track A„. As shown, 
the time period T corresponds to the time elapsed during a 
270° rotation of the drum 401. 

In step 160 the reproduced data bytes are is demodulated 
into eight bit form in the demodulator circuit 416. In step 
170, the comparison circuit 410 compares the demodulated 
data with the original copy of the data stored in the RAM 
bank 407. Based on errors in the reproduced signal, i.e., 
differences between the demodulated data reproduced firom 
the tape and the original copy of the data, die comparison 
circuit 410 generates a reliability index of the data repro- 
duced from the tape. In step 180. the host interface 418 
receives the reliability index and determines whether or not 
the data bytes were properly recorded on the tape. Essen- 
tially, the host interface 418 judges whether or not the data 
could be reconstructed (with provisions for the later occur- 
raice of drop-out which may occur over time or by repeated 
use of the tape). For example, the host interface may use a 
predetermined threshold reliability constant In such a case, 
the host interface compares the reliability index to the 
threshold reliability, constant. If the reliability index exceeds 
the threshold, the data is rejected. If the reliability index is 
equal to or below the threshold, the data bytes are accepted. 



07/06/2004, EAST 



Version: 1.4.1 



5,499, 

7 

In the case the data bytes are rejected, execution branches 
to step 130. This causes the data to be re-recorded on the 
tape. Dlustiatively. the comparison steps 170-180 are per- 
formed with sufficient speed such that the data may be 
re-recoided (if necessary) by the recording head Ar on the 5 
track (see FIG. 9). Illustratively, on account of the 
interleaving format (shown in FIGS. 4A and 4B). the data 
bytes of one frame are recorded in an interleaved fashion on 
a pair of tracks A and B. If either one (or both) or the track 
pairs is rejected, both tracks must be re-recorded. This is 
better illustrated in FIGS. IDA, lOB and IOC. In FIG. lOA, 
the demodulator circuit 416 detects an error in the recently 
recorded frame five at time Tj. Hius, frame 5 is re-iecorded 
at time T2 followed by frames 6, 7, 8 . . . Note that frame 6 
is re-recorded even though no error was detected therein. In 
FIG. lOB, the demodulator circuit 416 detects an error in 
frame 5 at Tj. Frames 5 and 6 are thus re-recorded at Tj. The 
demodulator then detects an error in the second recording of 
frame 5 at lime T3. Tlius, frames 5 and 6 are re-recorded at 
time T4. FIG. IOC shows a scenario wherein an error is 
detected at time in the first recording of frame 5 prompt- 20 
ing a re-recording from fi^e 5 at time T2. Then, at time T3 
an error is detected in the second recording of frame 6 
prompting a re-recording from frame 6 at time T4. 

In the case the data bytes are not rejected, execution 
branches to the step 110. Thus, the next data bytes to be 25 
recorded are loaded into the RAM bank 407. Alternatively, 
the next data may have akeady been loaded into the RAM 
bank 407 and ECC encoded in which case the next data 
bytes are simply recorded on the tape. The RAW process of 
HG, 8 is repeated as necessary to record all of the data to be 3^ 
recorded or re-recorded. 

In the above RAW-process, data reproduced from the tape 
after recording are compared to the original copy of the data 
stored in the RAM bank. This enables the R-DAT 400 to 
ensure that the data bytes are initially stored with 100% 3^ 
accuracy (i.e., completely error free) if desired. More impor- 
tantly, the R-DAT 400 can ensure that the reproduced data 
bytes are in fact the data bytes which were intended to be 
recorded on the tape and not old, pre-existing data on the 
tape. In other words, the above RAW process detects drop-in 
enxrrs. Again, this is possible because the reproduced data 
bytes are not "self tested solely using error detection 
information contained in reproduced data. Rather, the repro- 
duced data bytes are compared to the original copy of that 
data stored in the RAM bank 407. Thus, if an old pre- 
existing data bytes which are otherwise error free are repro- 
duced, they will be detected as erroneous when compared to 
die origmal copy of the data bytes stored in the RAM bank 
407. 

In short, a tape recording apparatus and method of record- 50 
ing signals is disclosed. The apparams includes a memory, 
a recording head, a playback head and a comparison circuit. 
The recording head is for recording a signal stored in the 
memory on a tape. The playback head is for reproducing the 
recorded signal. The comparison circuit is for comparing the 55 
signal reproduced by die playback head with die signal 
stored in the memory. Depending on the number of differ- 
ences between the reproduced signal and the signal stored in 
the memory, the recording head re-records on the tape the 
signal in the memory. Tlie inventive apparatus and method go 
provide superior error detection in recording including the 
ability to detect both dropout and drop-in errors. 

Finally, the invention has been described above with 
reference to specific embodiments. However, tiiis was 
merely illustrative. Numerous other embodiments may be 65 
devised by those having ordinary skill in the art widiout 
departing from the spirit and scope of the following claims. 
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Hie claimed invention is: 

1. In a tape recording apparatus, comprising a memory 
and first and second pairs of recording and reproducing 
heads positioned on a rotary drum so that each reproducing 
head scans a track recorded by the recording head of the 
respective pair after both the first and second recording 
heads record tracks, a method for recording a signal on a 
tape comprising the steps of: 

(a) interleaving data to be recorded onto pairs of signals; 

(b) sequentially recording each of first and second signals 
of a first pair of signals stored in said memory on 
respective consecutive adjacent tracks of said tape by 
scaiming said first and second recording heads of said 
tape recording apparatus sequentially, over said con- 
secutive adjacent tracks of said tape; 

(c) after recording said first pair of signals in step (b), 
sequentially recording each of third and fourth signals 
of a second pair of signals stored in said memory on 
respective consecutive adjacent tracks of said tape 
adjacent to said track on which said second signal of 
said first pair of signals was recorded, said third and 
fourth signals succeeding said first pair of signals; 

(d) while recording said second pair of signals in step (c), 
sequentially reproducing said first and second signals 
from said respective tracks of said tape by scarming 
said first and second reproducing heads of said record- 
ing apparatus sequentially over said consecutive adja- 
cent tracks of said tape on which said first and second 
signals are recorded; 

(e) comparing said reproduced first and second signals to 
corresponding first and second signals stored in said 
memory; 

(f) in response to detecting errors in step (e) in either of 
said first and second reproduced signals, completing 
said recording of said second pair of signals and 
repeating steps (a)-(e) for said first and second pairs of 
signals, wherein said first and second pairs of signals 
are re-recorded on respective consecutive adjacent 
tracks of said tape adjacent to said track in which said 
fourth signal of said second pair of signals was most 
recentiy recorded; and 

(g) if no error is detected in step (e), repeating steps 
(c)-(g) for subsequent consecutive pairs of signals, 

wherein said re-recording of pairs of signals in step (f) 
re-records said pairs of signals on consecutive adjacent 
tracks beginning with the pair in which said enors were 
detected and continuing in sequence therefrom, regard- 
less of in which signal, of said pair of signals contain- 
ing said errors, said errors were detected, to preserve a 
sequence of said interleaving of data within each pair of 
signals of step (a). 

2. The method of claim 1 wherein step (e) of comparing 
further comprises the step of determining differences 
between said first and srcond reproduced signals and said 
corresponding first and second signals stored in said 
memory. 

3. The method of claim 1 wherein said signals stored in 
said memory and said signals reproduced from said tape are 
digital signals. 

4. The method of claim 1 wherein step (e) of comparing 
further comprises the step of exclusive-nor'ing said first and 
second reproduced signals with said corresponding first and 
second signals stored in said memory. 

5. The method of claim 1 further comprising the step of 
generating a reliability index based on the occurrence of 
errors in said reproduced first and second signals, wherein 
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said first and second signals are re-recorded if said generated 
reliability index exceeds a threshold. 

6. The method of claim 5 wherein said generated reliabil- 
ity index depends on the ability of said tape recording 
apparatus to accurately reproduce said first and second 5 
signals from said tape. 

7. The method of claim 1 wherein step (b) of recording 
comprises the step of rotating said first recording head of 
said tape recording apparams to scan a first track of said 
tape, wherein said step (d) of reproducing comprises the step 
of rotating said first playback head of said tape recording 
apparatus to scan said first track of said tape, and wherein 
step (f) of re-recording comprises rotating said second 
recording head of said tape recording apparatus to scan a 
second track of said tape. 

8. A tape recording apparatus comprising; 

a memory for storing data which is interleaved onto pairs 
of signals to be recorded on a tape, 

first and second pairs of recording and reproducing heads 
positioned on a rotary drum so that each reproducing 
head scans a track recorded by the recording head of the 
respective pair after both the first and second recording 
heads record tracks, 

wherein said first and second recording heads sequentially 
record each of first and second signals of a first pair of 
signals and each of third and fourth signals of a second 
pair of signals stored in said memory on respective 
consecutive adjacent tracks of said tape, said first and 
second recording heads recording said interleaved data 
such that said first and second signals are interleaved 
onto first and second tracks and said third and fourth are 
interleaved onto third and fourth tracks, said first, 
second, third and fourth tracks being sequentially posi- 
tioned on said tape, 

and wherein said first and second playback heads repro- 
duce said signals recorded on said tape by said first and 
second recording heads while said first and second 
recording heads record said third and fourth signals, 

a comparison circuit for comparing said first and second 
signals reproduced by said first and second playback 40 
heads with said first and second signals stored in said 
memory, and 

a host interface for causing said first and second recording 
heads to re-record said first and second signals stored in 
said memory if an output of said comparison circuit 45 
indicates errors, wherein said host interface causes said 
first and second recording heads to re-record said first 
and second signals beginning with the pair in which 
said eaors were detected and continuing in sequence 
therefrom, regardless of in which signal thereof said 50 
errors were detected, to preserve a sequence of said 
interieaving of data within each pair of signals. 

9. The apparatus of claim 8 wherein depending on errors 
in said reproduced signal detected by said comparison 
circuit, said first and second recording heads re-records on 55 
said tape said signal stored in said memory. 

10. The apparatus of claim 8 wherein said comparison 
circuit determines differences between said reproduced first 
and second signals and said first and second signals stored 

in said memory. 60 
U. The apparatus of claim 8 wherein said first and second 

signal stored In said memory and said first and second signal 

reproduced from said tape are digital signals. 
12. The apparatus of claim 8 wherein said comparison 

circuit exclusive-nor's said first and second reproduced 65 

signals with said first and second signals stored in said 

memory. 
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13. The apparams of claim 8 wherein said comparison 
circuit generates a reliability index based on the occurrence 
of errors in said first and second reproduced signals, wherein 
said first and second signals are re-recorded if said generated 
reliability index exceeds a threshold. 

14. The apparatus of claim 13 wherein said generated 
reliability index depends on the ability of said tape recording 
apparatus to accurately reproduce said first and second 
signal from said tape. 

15. The apparatus of claim 8 wherein said first and second 
signals are recorded on said first and second tracks formed 
on said tape obliquely to a longitudinal direction of said 
tape, wherein said first and second recording heads and said 
first and second playback heads arc disposed on the outer 
circumference of said rotating drum, and wherein said drum 
rotates said record and playback heads such that said play- 
back head scans said crack of said tape scanned by said first 
and second recording heads so as to reproduce said first and 
second signals recorded by said first and second recording 
heads on said first and second tracks. 

16. A computer system comprising: 
a processor, and 

a tape recording apparatus connected to said processor via 
a data bus comprising: 

a memory for storing first and second signals of first and 
second pairs of signals 

a rotary head comprising first and second pairs of record- 
ing and playback heads positioned on said rotary head 
so that each playback head.scans a track recorded by 
the recording head of the respective pair after both the 
first and second recording heads record tracks, 

a comparison circuit for comparing first and second 
signals of said first pair of signals reproduced by the 
first and second playback heads to said first and second 
signals of said first pair of signals stored in said 
memory, and 

a host interface for causing the first and second recording 
heads to re-record said pairs of signals if an output of 
said comparison circuit indicates an error in either of 
said reproduced first and second signals, wherein the 
host interface causes to rc-record said pairs of signals 
containing said error on consecutive tracks beginning 
with said pair in which said error was detected and 
continuing in sequence there&om, regardless of in 
which signal said error was detected, to preserve a 
sequence of said interieaved of data within each pair of 
signals. 

17. The method of claim 1 wherein step (f) of re-recording 
re-records both tracks of said pair of tracks in response to 
detecting said error on only a single one of said pair of 
tracks. 

18. The method of claim 1 wherein step (e) of comparing 
comprises the step of bit-wise exclusive-noring said repro- 
duced signal with said signal stored in said memory. 

19. In a tape recording ^paratus comprising a memory, a 
method for recording a signal comprising the steps of: 

(a) interleaving data to be recorded onto pairs of signals; 

(b) sequentially recording each of first and second signals 
of a current pair of signals stored in said memory on 
respective consecutive adjacent tracks of said tape by 
scaiming said first and second recording heads of said 
tape recording apparatus sequentially, over said con- 
secutive adjacent tracks of said tape; 

(c) after recording said current pair of signals in step (b), 
sequentially recording each of third and fourth signals 
of a next pair of signals stored in said memory on 



07/06/2004, EAST 



Version: 1.4.1 



5,499, 

U 

respective consecutive adjacent tracks of said tape 
adjacent to said track on which said second signal of 
said current pair of signals was recorded, said third and 
fourth signals of said next pair of signals succeeding 
said current pair of signals; 5 

(d) while recording said next pair of signals in step (c), 
sequentially reproducing said first and second signals 
of said current pair of signals from said respective 
tracks of said tape by scanning said first and second 
reproducing heads of said recording apparatus sequen- l^ 
tially over said consecutive adjacent tracks of said tape 
on which said first and second signals are recorded; 

(e) comparing said reproduced first and second signals to 
corresponding first and second signals stored in said 
memory; 

(f) in response to detecting an error in step (e) in either of 
said first and second reproduced signals, completing 
said recording of said next pair of signals and repeating 
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steps (aHe) for said current and next pairs of signals, 
wherein said current and next pairs of signals are 
re-recorded on respective consecutive adjacent tracks 
of said tape adjacent to said track in which said fourth 
signal of said next pair of signals was most recently 
recorded; and 

(g) if no error is detected in step (e), repeating steps 
(cHg) for subsequent consecutive pairs of signals, 

wherein said re-recording of pairs of signals in step (f) 
re-records said current and next pairs of signals on 
consecutive adjacent tracks beginning with said current 
pair in which said error was detected and continuing in 
sequence therefrom, to preserve a sequence of said 
interleaving of data within each pair of signals of step 
(a). 

* * * 
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